Due to the poor understanding of the small-scale processes at the air-water interface, some lab experiments are done in a water tank by infrared techniques. With the help of ESMD method, the stochastic temperature sequences extracted from the infrared photographs are decomposed into several empirical modes of general periodic forms. The corresponding analyses on the modes reveal that, within certain limits, both spatial and temporal frequencies increase along the wind speed. As for the amplitudes, the existence of wind may result in fold increasing of their values. In addition, when the wind speed is added from 4 m/s to 5 m/s, both frequency and amplitude of the surface temperature decrease and it implies an enhanced mixing and a weakened temperature gradient under the force of wind blowing.
Introduction
The extreme-point symmetric mode decomposition (ESMD) method [1] [2] can be seen as a new alternate of the well-known Hilbert-Huang transform [3] . Due to the advantages of ESMD method in de-trending, abnormity diagnosis and time-frequency analysis, an effective usage is anticipated in scientific exploration. In fact, as our researches concerned, in addition to the feasibility of application in climate data analysis [4] , it has already been used successfully in air-sea flux study [5] . In this article, we use it to investigate the small-scale temperature variation at air-water interface.
Just as mentioned by Veron et al. in 2008 [6] , while attention has historically focused on larger-scale longerterm phenomena, the mechanisms involved in small-scale mixing still remain rather poorly understood. With the difference between kinematics viscosity and thermal diffusivity being almost one order of magnitude, the heat transferring is usually impacted by the dynamic processes and the thermal sub-layer is typically within the viscous sub-layer. Therefore, the infrared thermal techniques appear promising in this regard. The results in [6] and [7] for the effects of wind speed on temperature variations are obtained by field observations at sea, where there are many uncontrollable factors. Here we check them in a lab.
Lab Experiments
The experiments are done on the morning of Sept. 12, 2012 in a tank with the size 5.2 m × 0.3 m × 0.3 m and the main observational instrument is the ICI7320 type of thermal infrared imager which is suspended downward at 1.04 m above the water surface [8] . The air temperature of the lab is about 24.3˚C at the beginning of the experiment and almost keeps unchanged during the whole process. A set of wind device is for wind making, which is installed at one end of the tank and the horizontal distance from its center to the induction area of the imager is about 3 m. To ensure the measurement synchronism of temperature and wind, an ultrasonic anemometer is also fastened adjacent to the imager with its probes close to the water surface. In addition, the water in the tank is filled up by using a small pipe in a slow manner. There are four experiments are done: the first experiment is for the no-wind case which is done when the water surface appears motionless (there should be a long time to wait for a real stationary state); the second, the third and the fourth experiments are for the cases with wind speed 3 m/s, 4 m/s and 5 m/s separately. The steps for each experiment are as follows: 1) to make wind; 2) to observe the variation of the wind speed obtained by the anemometer; 3) in case the wind speed attains a certain value begin to take the photographs. In each experiment we get 60 infrared photographs with sampling rate 1 Hz. Each photograph has 240 rows and 320 columns and each pixel occupies an area of about 0.11 cm × 0.11 cm (due to the existence of surface wave the area of the pixel may change its value in a certain extent). We note that the wind speed is along the column and our main focus is on the 160 th one which locates at the middle and has typical representativeness.
ESMD Decomposition
Take the 60 th infrared photograph obtained by the second experiment (accords to wind speed U = 3 m/s) as an example. Its 160 th column forms a one-dimensional stochastic spatial sequence with 240 points which can be considered by ESMD method. This new method can help us to reveal the detailed variation of the surface temperature. By executing the ESMD programs it yields three modes together with a remainder R which is an optimal global mean fitting curve in the sense of least squares (see Figure 1) . Correspondingly, the direct-interpolating approach (the second part of ESMD method) yields a distribution of spatial frequencies for these modes (see Figure 2) . Certainly, that of amplitudes can be also outputted and its figure is omitted here. We note that the variations of spatial frequencies along the distance in our figure are much more intuitive than those given by the Hilbert spectrum in [3] .
Distributions for Spatial Frequency and Amplitude
To get a relatively objective statistic result we choose the 40 th and 60 th infrared photographs to do the decompositions. For the no wind case, their optimal sifting times are 5, 5, 5, 4 and 5 which yield three empirical modes for each of them, that is, each ruleless stochastic spatial sequence has now been divided into 3 subsequences of general periodic forms with different scales. Correspondingly, the spatial frequencies for the first modes of them are 3.1801, 2.9114, 3.05696, 3.0317 and 3.0401 with unit "cm −1 " separately. They have a mean value 3.0401 cm −1 which can be seen as the highest frequency of temperature variation in the sense of statistics. At this time, one can also get the amplitudes 0.0086, 0.0087, 0.0081, 0.0090 and 0.0100 with a mean value 0.0089 (with unit "˚C"). In the same way we get those for the other two modes. Under the similar settings, the repetition of the above processing also yields the statistic results for the cases 3 m/s, 4 m/s and 5 m/s. It follows from Figure 3 that, as the wind speed increases (expect the case of 5 m/s), the spatial frequencies at different scales increase in a certain extent. Relative to the no-wind case the mean increments of those for 3 m/s 
Distributions for Temporal Frequency and Amplitude
In addition to the spatial variation of the surface temperature, there is also a temporal one. To make the investigation it requires a synthetic processing on the infrared photographs. Since only 60 ones obtained in each experiment, the extracted time series merely includes 60 points which can not afford an enough decomposition by the ESMD method. Notice that the temperature of every two adjacent pixels almost vary in the similar manner, to reflect the temporal variation of surface temperature in statistic sense, we prolong the time series to 600 points with adding that of 10 adjacent pixels in turn. We have checked the decomposition results for the cases of 60 and 600 points. Their temporal frequency and amplitude almost accord with each other. To make the statistic result more objective, we compose 5 prolonged time series in a random way and use their average value to reflect the temperature variation for each case. For example, for the no-wind case we have chosen the pixels between 1 -10, 51 -60, 101 -110, 151 -160 and 201 -210 separately. At this time, the final results are given in Figure 5 and Figure 6 . They indicate that, on the whole, the existence of wind may increase the temporal frequencies and amplitudes of almost all the modes (represent different time scales). The adding of the wind speed, particularly from 4 m/s to 5 m/s, may decrease the variation of surface temperature, not only for the frequency but also for the amplitude. This result accords with that in [6] and it implies a enhanced mixing and a weakened temperature gradient. In addition, Figure 5 also shows an interesting phenomenon that the highest frequency of the 3m/s case is lower than that of the no-wind one. The reason is unclear. We have checked it many times and ensure that this phenomenon has nothing to do with the choice of pixels and the calculating method. This may be caused by the surface dynamic processes (such as wave and current) and the deformation of water surface (impacts the induction of the imager). It needs further research.
Summary
The infrared photographs at the air-water interface of a tank under different wind speeds have been analyzed. With the help of ESMD method, the stochastic temperature sequences are decomposed into several empirical modes of general periodic forms which are very conductive to change analysis. As the spatial sequences concerned, the statistic results indicate that, within certain limits (<5 m/s), as the wind speed increases the spatial frequencies at different scales increase along in a certain extent. Specifically speaking, relative to the no-wind case which has three modes with mean frequencies 3.0401 cm , respectively. As for the amplitudes, the existence of wind may result in fold increasing of their values. The analysis on the temporal sequences not only reveals the same thing as above but also indicates that when the wind speed is added from 4 m/s to 5 m/s both frequency and amplitude of the surface temperature decrease. This result accords with that given by Veron et al. in 2008 which can be understood as an enhanced mixing and a weakened temperature gradient under the force of wind blowing. In all, the data analyses on the tank experiments indicate that, within certain limits, both spatial and temporal frequencies of the surface temperature increase along the wind speed. As for the amplitudes, the existence of wind may results in fold increasing of their values. For a too high wind speed, the decreasing tendency appears for the frequency and amplitude.
